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Description 

Set for measuring the linear strain in materials 

Technical field 

[0001] The invention involves a set for measuring the linear strain of materials, 
comprising at least two measuring elements fitted with measuring blades 
with parallel measuring-blade axes, attachable to the measured material, 
and a portable redding device with an impression surface made of a 
material with dimensional stability and strength lower than the strength of 
the material of the measuring elements and/or the portable measuring;* ian 
device. 

[00021 - 

Background art 

[00p^] The linear strain of materials, particularly metal, is. measured. rip p^ijjse 

using mechanical or optical extensometers, which measure. the elongation 
of the material between two fixed points on a structure. The.mea^upng <( 
points are usually guide marks or dents. These extensometers can be also 
used to measure the linear strain of non-metal materials, for example 
fractures in concrete structures and the like in buildings. Because pf their , 
limited accuracy, these extensometers require that the measuring points 
be located on the material or the structure far from each other. These 
distances are in the hundreds of millimeters. 

[0004] Higher accuracy of measurement of the distance between reference . 

points, i.e. the possibility to place the points close to each other, can be 
achieved by using measuring microscopes. Their principal disadvantages 

. ... { M t .i - . 

are their rather large dimensions and weight, so in practice they cannot be 
used to measure the strain of materials of existing metal structures, e.g. 
bridges, large-diameter pipes and the like, especially if the tested pipes 
are located in constrained conditions, e.g. in nuclear plants. Another big 
problem is the reduced accessibility of the tested locations for example in 
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isolated oil pipelines, distribution pipes inside other structures, on bridges 
and the like. Another disadvantage of measuring microscopes is their 
proneness to damage and reduction of accuracy. 
[0005] We also know various types of tension meters, such as mechanical, 
optical, electrical, acoustic, pneumatic and other. The disadvantages of 
mechanical, optical, acoustic and pneumatic tension meters are similar to 
those of the above-mentioned microscopes. Electrical tension meters 
eliminate some of the above drawbacks, but their principal disadvantage is 
that they are only able to work within the range of certain temperature 
values. In case of higher or lower temperatures it is necessary/to specially 
adapt the electrical tension meters, increasing their acquisition price many 
times. 

[0006] Another weakness of tension meters, especially electrical, is their 

limited lifetime, which is reduces proportionately to the climatic conditions 

under which the measurements are made. 
[0007] The existing solutions therefore do not basically allow carrying out 

field measurements the results of which would be comparable to the 

results of measurements under laboratory conditions. 

[0008] 

Disclosure of the Invention 

[0009] The above weaknesses are to a large extent eliminated by a set for 
measuring the linear strain of materials, comprising ay least two 
measuring elements fitted with measuring blades with parallel measuring- 
blade axes, attachable to the measured material, and a portable reading 
device with the impression surface made of a material with dimensional 
stability and strength lower than the strength of the material of the 
measuring elements and/or the portable measuring device, based on this 
invention, featuring measuring blades, fitted with fixtures in the center. The 
bottom section of the measuring elements is fitted with necks and a 
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tapered end. The measuring elements are attached to the surface of the 
measured material with a resin-based adhesive. 

[0010] Following the precision setting of parallelism of the measuring-blade axes, 
the measuring elements are beneficially kept in a transport preparation 
comprising a plotting board with holes for the measuring elements; the 
joint between the measuring elements and the transport preparation has a 
lower strength than the joint between the measuring elements and the 
measured material. The measuring elements are beneficially placed on the 
measured material in a rosette-shaped form. An adaptor for gaidmg-the/sAN 
reading device, to the measuring elements can be installed at the P 
measuring elements near the measured material. 

[0% 1 ,J t r? ns P°r! t preparation beneficially comprises a plotting boa^, jhe ends 
of which are bent upward or which is bail-shaped, fitted with surfaces for 
keepipg the measuring elements at the ends; me portable. reading, device 
comprises a similar bail with the impression surface placed at its ends. A 
device, for the remote transfer of the measured data can be attached.to the 
reading device. 

[0012] Since the measuring elements are fitted with measuring blades^the 
axes of which are parallel, it is possible to measure their accurate distance 
and the curvature of trie measured material, if any. Thanks to the fixed 
attachment to the surface of the measured material, it is possible to place 
the separate measuring elements on different structures to which other 
measuring devices, cannot be normally connected; these include aircraft 
structures, surfaces of power facilities and the like. The material of the 
impression surface of the reading device makes it possible to keep the 
impressions for a long time thanks to its dimensional stability, which in 
practice allows monitoring and comparing the measured materials during 
its whole lifetime. Thanks to its hardness that is lower than the hardness of 
the material of the measuring elements, the measuring elements do riot 
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suffer any wear even if the measurement is repeated many times: The 
fixtures in the center of the measuring blades makes it possible to reduce 
the force necessary to create an impression in the impression surface, 
while all of the requirements on measurement accuracy are kept. This 
solution also makes it possible to choose other materials for the measuring 
elements, which do not have to have such high-performance mechanical 
properties, as well as materials for the impression surfaces, which can be 
made of a stronger material. The resin-based adhesive ensures a durable 
connection even under extreme conditions, such as big temperature 
differences, external influences and the like. The necks at the bottom of 
the measuring elements facilitate the in-leak of the adhesive and increase 
the strength and accuracy of the joint between the measuring element and 
the transport preparation. The tapered ends of the measuring elements 
ensure a joint between the measuring element and the measured material 
that is strong, accurate and durable. 

[001 3j Since the measuring elements are kept in a transport preparation following 
their precision setting, it is possible to transport and place these measuring 
elements basically in any place while keeping the accuracy settings; after 
their placement on the measured material the measuring elements can be 
easily disconnected from the transport preparation. The rigidity of the 
transport preparation can be increased by creating crimps or by 
connecting reinforcing elements. The transport preparation can. comprise a 
plotting board, the ends of which are bent upward for the purposes of 
easier withdrawal of the transport preparation from the measured material 
when the measuring elements are attached to the measured materia!.. 

[0014] The specified solution allows for the repeatable production of the meter 

subject to keeping the required parameters, such as the average deviation 
of the blade distance or the apparent measurement error. 
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[001 5] If needed, it is possible to use a bail-shaped transport preparation, 

fitted with surfaces for the measuring elements at its ends. This solution 
makes it possible to keep the measuring elements at a rather high mutual 
distance, for instance on turbine blades or compressor blades. In order to 
read the impressions it would be necessary to use a similar bail with an 
impression surface at its ends. 
[0016] The measuring elements can be placed on the measured material to form 
the shape of a rosette, thus creating the possibility to monitor the linear 
strain in many different directions simultaneously. To facilitate:the-: ; ■>.. 
alignment of the reading device with the measuring elements, for example 
jf.they are installed on a measured material that is underground, on a high- 
temperature device or a device hazardous to health, at heights and the 
like, it is possible to install an adaptor in the shape of pyramid, taper and 
the like at the measuring elements. 
[0017] To facilitate the reading at greater distances, it is possible to attach a 
device for the remote transmission of the measured data to the reading 
device; this remote transmission device would make it possible to transmit 
the measured data without any distortions using mathematicaimethods. 
[0018] The measurement set as described in this solution gives the possibility of 
accurate measurement of permanent strain of materials in their short 
measured sections using very accurate measuring devices, such as 
measuring microscopes. Since this large and heavy device cannot be 
used directly in the terrain, i.e. on bridges, oil pipelines, vessels ahd other 
structures where the condition of the structure has to be monitored 
following any excessive stress, e.g. earthquake, it is beneficial to use the 
set under this solution, where the spacing of the measuring elements is 
measured with a measuring microscope before and after the stress on the 
impressions of the measuring points, created on the withdrawn impression 
: body. - : .. .=. 
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[0019] 

Brief Description of Drawings 

[0020] The invention will be described in greater detail on a specific design 

example using the attached drawing, where figure 1 shows a ground view 
of the arrangement of two measuring elements and figure 2 shows a side 
view of the arrangement of the measuring points in the transport 
preparation. 

Best mode for carrying out the invention 

[0021] The exemplary set for measuring the linear strain of materials comprises 
two measuring elements 1, which are attached to the measured material, 
and a portable reading device 3 with an impression surface 4. The 
measuring elements 1 are fitted with measuring blades 2, which are fitted 
with fixtures 5 in the center; the measuring elements 1 are fixed to the 
surface of the measured material with the parallel axes of the measuring 
blades 2. The impression surface 4 of the reading device 3 is mjade from a 
material with dimensional stability and hardness lower than the hardness 
of the material of the measuring elements 1, such as soft metals, e.g. 
various alloys of lead or various waxes, including dental wax an the like. 
The measuring elements 1 are attached to the surface of the measured 

material using a resin-based adhesive. The adhesives used are resistant 

■ ii'." 

to high temperatures and have a long durability. . ...... ■. . 

[0022] Following the precision setting of parallelism, the measuring elements 1 

are kept in a transport preparation 8 comprising a plotting board with, holes 
§. for the measuring elements 1. The joint between the measuring f f 
elements 1 and the transport preparation 8 has a lower strength) than the 
joint between the measuring elements 1 and the measured material. The 
bottom section of the measuring elements 1, located in the transport , 
preparation 8, is fitted with necks 6 for easier in-leak of the adhesive and 
increased strength and accuracy of this joint. The rigidity, of the transpprt 
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preparation 8 can be increased by creating crimp? or by connecting. , : 
reinforcing elements. The transport preparation 8 can comprise a plotting 
bqard, the ends of which are bent upward for the purposes of easier 
withdrawal of the transport preparation 8 from the measured material when 
the measuring elements 1 are attached to the measured material. The 
tapered ends 7 of the measuring elements 1 allow a strong, resistant and 
permanent connection between the measuring element 1 and the 
measured material. 

[0023] If needed, it is possible to use the bail-shaped transport preparation 8y 

fitted with surfaces for the measuring elements at its ends ±. This solution 
makes it possible to keep the measuring elements 1 at a rather high 
mutual distance, for instance on turbine blades or compressor blades. In 
order to read the impressions of the measuring ejements 1 it would be 
necessary to use a similar bail with the impression surface 4 at its ends. 

[0024] The measuring elements 1 can be placed on the measured materia! in a 

rosette-shaped form, which makes it possible to monitor the linear strain of 
the measured material in different directions at the same time. To facilitate 
the reading at greater distances, it is possible to attach a device for the 
remote transmission of the measured data to the reading device 3; this 
remote transmission device would make it possible to transmit the ' 
measured data without any distortions using mathematical methods. 

[0025] During the production of this set for measuring the remote linear strain of 
materials, the transport preparation 8 is attached to the three-axis table of 
the machine and the measuring elements 1 are placed in the holes 9 in the 
transport preparation 8; their mutual distance and the accurate parallelism 
of the axes of the blades 2 are set using precision measuring devices. 
After that the measuring elements 1 are fixed in that position using the 
. adhesive, which has a lower strength than the adhesive used between the 
measuring elements 1 and the measured material. 



WO 2005/010460 PCT/CZ2004/000043 

8 

[0026] During the measurement of remote strain of materials using this set, 
impressions of the measuring elements 1, fixed to the surface of the 
measured material, are created on the impression surface 4 and the 
accurate distance of the identified points of both impressions is measured 
in a place distant from the measuring elements 1 . Taking into account the 
shape of the measuring elements 2, it is possible to manufacture the 
measuring elements 1 even from materials with lower mechanical 
properties. The first pair of impressions is created at the beginning of the 
measurement, for example prior to the strain; another pair of impressions 
of the measuring elements 1 is created after a certain period of time or 
after a critical stress on the material. The distances of the. first pair and the 
second pair of impressions are then compared. The set therefore 
comprises a fixed part, consisting of the measuring elements 1, fixed to 
the measured section of the material, a portable part, consisting of the , , 
reading device 3 with the impression surface 4, for creating the, 
impressions of the measuring elements 1; a generally available device for 
measuring the longitudinal dimensions with the required measurement, 
accuracy is also necessary. 
[0027] The set for measuring the linear strain under this invention can be used in 
places with complicated access and subject to extreme requirements on 
the change of the ambient environment, such as. in airplanes. In this case 
the measuring elements, among others, have to be small and .'light 'and 
their attachment to the measured material has to be very strong; the joint 
has to withstand high temperature changes. The benefit of the application 
of this.set is the possibility of permanent installation, of the measun.ng , 
elements, the possibility of regular checks of dimensions of the measured 
material, even in commonly inaccessible places, without the need to ' 
demount parts of the airplane. For the easier alignment of the readina ' ' 



device 3, an adapter 10 for the alignment of the reading device 3 with the 
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measuring elements 1 can be installed at the measuring elemerits t 
nearby the measured material. 
[0028] The measuring set can be also used for the measurement of turbine . 
blades and compressor blades. Because of the small dimensions and 
weight, the measuring elements can be attached directly to the blades, so 
it is possible to identify dimensional changes of individual blades or 
opposite blades at any time. 

[0029] 

Industrial applicability 

[0030] The set for measuring the linear strain of materials under this invention 
can be applied, in many industrial fields, especially in aircraft, vessels, 
power management, building and the like. 

[0031] 



